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ABSTRACT
In several decades, space infrared interferometer missions with formation flying have been proposed, but most of the
missions were relinquished because their requirements for position and attitude control of satellites are extremely
accurate. In order to overcome this issue, we propose to apply the densified pupil spectroscopy to relax control
requirements of the baseline distance and attitude to overlap the rays. SEIRIOS is a micro-satellite project to
demonstrate the concept of space infrared interferometer with the densified pupil spectrograph. The interferometer is
constructed by one 50kg class micro-satellite and two 9U CubeSats in line. The micro-satellite is placed at the center
of the two CubeSats that keep a constant distance between 5 to 50-m from the micro-satellite. The CubeSats reflect
rays from target celestial bodies to the micro-satellite, and the micro-satellite collects the rays by the pupil
spectrometer. The baseline control requirement is 1 mm, and it could be achieved by using COTS laser distance meters,
low force thrusters, and the mirror control by piezo stages. This paper introduces the mission concept, a preliminary
design result, and the future plan of our interferometer mission.
BACKGROUND

Webb Space Telescope), which has a 6.2 m diameter
primary mirror, is the largest optical structure for visible
and infrared wavelength in existing spacecraft. Made In
Space proposes a small satellite interferometer mission
with 20-meter optical booms to overcome the issues.
They try to manufacture the boom on orbit, but it is still
limited as several meter class optical systems.

Space Infrared Interferometer
Since celestial objects with temperatures ranging from
10 and 500 K emit mid- to far-infrared radiation, and
there are numerous spectral lines of molecules in the
infrared wavelength range, infrared astronomy is
essential to study the history of the universe from galaxy
formation to planetary formation and ultimately to
search for life on nearby habitable exoplanets. However,
the angular resolutions of the current and planned
ground- and space-based telescopes are constrained due
to their limited diameters of the monolithic apertures.
The atmospheric wavefront distortion and emission also
limit the sensitivities of the ground-based
interferometers. To dissolve the limitations, constructing
an infrared interferometer in space by using multiple
satellites is required.

To extend the optical baseline of an interferometer,
formation flying of multiple spacecraft is essential. TPFI (Terrestrial Planet Finder Interferometer)3 and
DARWIN4 are one of the most famous space infrared
interferometer projects with formation flying. For a
precursor mission of TPF-I and DARWIN, PEGASE5
mission was also proposed. Many innovative studies
were published in their conceptual design phase and
made significant progress in realizing space infrared
interferometer. However, unfortunately, these missions
were relinquished because their requirements for
position and attitude control of satellites are extremely
accurate to realize current technologies. Besides, their
development cost is too expensive because they need to
launch several large-sized spacecraft on SEL2, which
requires huge fuel to reach there.

As single spacecraft infrared interferometer projects,
SIM (Space Interferometry Mission)1 and FKSI
(Fourier–Kelvin Stellar Interferometer)2 were studied in
the 2000s. These spacecraft have 10-m class baseline
interferometer to achieve high spatial resolution, and
they were planned to be operated in heliocentric orbit or
Sun-Earth second Lagrange point (SEL2). The
development of a 10-m class accurate optical structure is
a major issue of these projects. In fact, JWST (James
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Research to realize space infrared interferometer with
formation flying is still ongoing in several projects.
IRASSI(InfraRed
Astronomy
Satellite
Swarm
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Interferometry)6 is a far-infrared interferometer using
five spacecraft, and the baseline is 7 to 850-meters. Since
IRASSI can directly measure the phase of a far-infrared
signal, the position control accuracy is relaxed, and the
five satellites can drift within several hundred meters
regions.
However
accurate
relative
position
measurement is still required in micro-meter accuracy.
In 2018, LIFE(Large Interferometer For Exoplanets)7
project was officially kicked off, and conceptual studies
to realize space infrared interferometer to observe
exoplanet atmospheres started8. They proposed the Xarray type interferometer like TPF-I with five satellites
to construct nulling interferometer9. Although many
astronomy scientists still hope to realize space infrared
interferometers, there is no practical spacecraft mission.

progress for accurate formation flying. Nevertheless, the
LRI cannot directly be used for stellar interferometer
because the absolute distance measurement and control
to equalize several light paths is needed.
To demonstrate more accurate relative position control
than PRISMA, PROBA-316 will be launched soon.
PROBA-3 will demonstrate precise and autonomous
formation control in HEO (Highly-Elliptical Orbit) with
two satellites. The target relative position control
accuracy is 2.2-mm in 40-m ISD and 8.1-mm in 250-m
ISD with several accurate sensing systems as differential
GPS navigation, VBS (Visual Based Sensor), and FLSS
(Fine Longitudinal and Lateral Sensor). This will be
significant progress for future accurate formation flying
missions, but the accuracy is still not enough for infrared
interferometers.

A major technological issue of formation flying infrared
interferometer is high required control accuracy. The
required accuracy of relative position and attitude among
the optical systems on the satellites are less than micrometer and several milli-arc-second in near- and midinfrared wavelength. Another issue is the unbalance of
their high development cost and high technological risk.
State of the art of precise formation flying technology
and miniaturized satellites are introduced since they are
related to the two major issues.

Miniaturized Satellites
In the last decades, a lot of miniaturized satellites like
CubeSats (~10 to 20kg), micro-satellites (< 50-kg) have
been developed and launched by many universities,
institutes, and companies. The performance of these
miniaturized satellites are rapidly improved, and they are
used not only for educational purpose but also for
practical science observation17,18 and deep space
explorations19,20. The authors also contribute to improve
the performance and expand the application region of
these satellites21,22. Now, they are expected to be
effectively applied for a low-cost and advanced
technology demonstration like precise formation flying.
The Astro2020 APC white paper urges the importance of
demonstration mission with small-scale formation flying
space interferometer project23.

State of the arts of Formation Flying Technology
Formation flying is the technique to control relative
position and attitude among multiple satellites to
perform advanced space mission which cannot achieve
by a single satellite. There are many applications of
formation flying like the approach operation in
rendezvous and docking mission10,
the accurate
geopotential observation11, and the interferometric
synthetic aperture radar remote sensing12. They were
already operated on orbit, and meter-class accuracy
relative control in several hundred-meter inter-satellite
distances (ISD) have already been demonstrated. In 2010,
PRISMA project13 demonstrated sub-meter class
accurate relative position control in 100-m ISD using
Carrier phase Differential GPS navigation and
autonomous control. Currently, this control accuracy is
the best result demonstrated on-orbit in several hundredmeter ISD. However, the accuracy is not enough to
realize a space infrared interferometer.

There are already several formation flying missions with
miniaturized satellites. The CanX-4 and 5 mission24
have been demonstrated and reached 50 cm relative
position control accuracy with two CubeSats. The
mDOT mission25, which is a mission to observe dust
rings around stars with occultation, uses a 6U CubeSat
as an imaging satellite. They aim at 15 cm control
accuracy in hundreds-km ISD. In 2020, Hansen and
Ireland proposed an astronomical interferometer
mission by using three CubeSats26.
Proposal of SEIRIOS mission

In 2018, GRACE-Follow On mission had demonstrated
the laser ranging interferometer (LRI), which can
accurately measure the variation in the inter-spacecraft
distance14. The measurement noise of LRI has reached
10 nm/√Hz at 40 mHz and 300 pm/√Hz at 1 Hz in
200km ISD15. The demonstrated performance of LRI
satisfies a requirement of the LISA mission, a space
gravitational wave antenna. This ultra-accurate variation
measurement and its laser acquisition strategy are great
Ikari

As mentioned above, precise formation flying
technology is rapidly growing, and the accuracy of
relative position control will reach the millimeter class.
However, it is not enough to realize the infrared
interferometer. We need to develop a highly accurate
control method of the satellites, and we also need to relax
the control accuracy requirement by proposing a new
interferometric method. In addition, we also need to
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demonstrate the new methods with a reasonable
pathfinder mission by using miniaturized satellites.
In order to overcome the technological issue of control
accuracy, we propose a combination of two approaches.
Firstly, we focus on the direct control algorithm for the
optical systems on the satellites with a image feedback
from the observed value of the interferometer payload to
improve the control accuracy. Secondly, we apply the
densified pupil spectroscopy27 to a formation flying
infrared interferometer to relax the required control
accuracy. The spectroscopy can extend the coherence
length and relax control requirements of the baseline
distance from micro-meter order to milli-meter order.
The pupil imaging also can relax attitude control
requirements from milli-arc-second to arc-second. In
addition, we propose to utilize the miniaturized satellites
to demonstrate the proposed system effectively.

Figure 1: Overview of SEIRIOS (Formation form)

We propose a pathfinder spacecraft project named
SEIRIOS: Space Experiment of IR Interferometric
Observation Satellites. SEIRIOS is constructed by three
miniaturized satellites. This paper introduces the mission
concept, a preliminary design result, and the future plan
of our interferometer mission.
OVERVIEW OF SEIRIOS
SEIRIOS is a pathfinder mission to demonstrate the
formation flying space infrared interferometer with
densified pupil spectroscopy. SEIRIOS is constructed by
one 40-kg class micro-satellite and two 10-kg class 6U
CubeSats as shown in Figure 1. Figure 2 illustrates the
optical diagram. The CubeSats reflect rays from target
celestial bodies to the micro-satellite, and the microsatellite collects the rays. The two rays have interfered
inside the densified pupil spectrometer interferometer
(DPSI). The concept is similar to Hansen’s
interferometer26, but our conceptual study and design
have independently been started in 201828.

Figure 2: Optical Diagram of SEIRIOS

Figure 3: Docking form of SEIRIOS

The two CubeSats are connected with the micro-satellite
during the launch into LEO (Low Earth Orbit) to reduce
the launching cost and risk. They will be separated after
the initial performance test of the DPSI. After that, three
satellites will form along-track straight line formation for
formation flying interferometer demonstration. The
micro-satellite is placed at the center of the two CubeSats,
and the CubeSats keep a constant distance between 5 to
50-m from the micro-satellite.

Ikari

Overview of Densified Pupil Spectroscopy
The densified pupil spectroscopy has been proposed for
the characterization of nearby transiting exoplanets with
future space telescopes. The densified pupil
spectrograph is mainly composed of two sub-systems: 1.
pupil densification system and 2. general spectrograph.
The former divides a pupil into several sub-pupils with a
pupil slicer, and each sub-pupil is densified with two
concave mirrors. As a result, densified sub-pupils form
at the exit of the former system, corresponding to the
general spectrograph's entrance. Focusing on the fact
that the size of each densified sub-pupil is close to the
observing wavelength, the light is diffracted from the
densified sub-pupils as a point source. After the
diffracted light is collimated, a reflective grating puts in
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the collimated beam. The spectra of the densified subpupils form on the detector plane. Compared to general
spectrographs, the densified pupil spectrograph mainly
offers two advantages. One of them is that the densified
pupil spectra are independent of low-order aberration in
principle because the detector plane is optically
conjugated to the primary mirror.

plane are easily overlapped. This is the first relaxation of
the requirement for attitude control by DPSI. In the pupil
plane case, we have to care about the optical path
difference inside the footprint. If the optical path
differences between the adjacent pixels are larger than
the wavelength, we cannot detect the attitude difference.
The calculation method of the attitude requirements
considering the complex amplitude value observed at the
detector plan will be explained by the submitting paper.
We estimate the relative attitude control requirement is
relaxed from 10!" rad to 10!# rad.

Here, we noticed that applying the densified pupil
spectrograph to a stellar interferometer with a Michelson
beam combiner mitigates the requirements for forming
the interferometric fringe. This application does not
interfere with two collimated beams with the Michelson
beam combiner but also makes the coherent length long;
the spectrally-resolved interferometric fringes can be
obtained from one exposure. Note that previous stellar
interferometers use a general spectrograph or Fourier
Transform Spectroscopy (FTS) with a delay line. We can
also measure the optical path difference and relative
aberration of the two beams from the interferometric
fringe.

The second condition is relaxed by spectroscopy
observation since the coherence length 𝐿 is inversely
proportional to the bandwidth of wavelength Δ𝜆 as the
following equation:
𝐿=

where 𝜆 is center wavelength and 𝑛 is a reflective index
(𝑛 = 1 for space interferometer). This nature is also used
in Hansen’s interferometer26. For SEIRIOS, we chose
λ = 1.7 − 2.0 µm and Δλ = 1nm , and the coherence
length L = 4 mm . The relative position requirement
needs to be smaller than 𝐿, and it is defined as 1-mm.

Relaxation of Control Accuracy Requirement
An innovative feature of SEIRIOS is that it can relax the
control accuracy requirement of relative position and
attitude thanks to the DSPI. This section describes how
it relaxes the requirements.

Table 1: Control accuracy requirements to observe
the interferometric fringe

To construct an interferometric fringe, the two optical
paths shown in Figure 2 should satisfy two conditions.
Firstly, the two beam of the reflected light should overlap
at the surface of the detector. Secondly, the difference
between the two optical path lengths from the target
celestial body to the detector should be smaller than the
coherence length of the light. These conditions are the
same for any interferometric methods. Standard infrared
stellar interferometers require 10 µm order overlap
accuracy on the focal plane for the first condition. When
the ISD is 100-meters, the requirement of relative
attitude control accuracy reaches 10!" rad . For the
second condition, standard interferometers require a
condition that the difference of the optical path length
should be less than λ/2, where λ is central observation
wavelength when the interferometers observe continuum
light source. When the wavelength is near infrared, λ =
1 µm and the requirement of relative position control
accuracy reaches 0.5µm. These requirements are hard to
realize for formation flying satellites even if the satellites
have an accurate controllable optical system like delay
line adjuster.

Axis

Standard

DPSI

Condition
Two beams
overlapping

Δ𝑥

1 cm order

1 cm order

Δ𝑦

1 µm order

1 mm order

Δ𝑧

1 µm order

1 mm order

Δ𝜙!

1 µrad order

100µrad order

Δ𝜙"

1 deg

1 deg

-

100µrad order

Two beams
overlapping

Δ𝜙#

The DPSI can relax both conditions. The input light has
spatial information, but the light in the pupil plane does
not have spatial information. When the relative attitude
has a difference, the two footprints on the focal plane are
easily separated. However, the footprints on the pupil
Ikari

𝜆$
,
𝑛Δ𝜆

1 µrad order

Shorter than
coherence length
Two beams
overlapping

Figure 4: Conceptual image of requirement
definition
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Table 1 shows the requirements for momentary
observation of the interferometric fringe, but we have to
consider the exposure time to get enough power signal in
the actual condition. If the aspect of the interferometric
fringe on the detector plane is varied during the exposure
time, the fringe information is combined, and its
sharpness is decreased. To get a clear interferometric
fringe, we have more strict requirements for the relative
position and attitude drifts during the exposure time
shown in Figure 4. The required accuracy during the
exposure time is similar to the conventional stellar
interferometers, which means the relative position
accuracy is µm order and the relative attitude accuracy is
µrad order. Therefore, we decided to decrease the
exposure time for one shot and take many images of
interferometric fringe. After the data is downlinked, we
select clear interferometric fringes and integrate them on
the ground. A spacecraft attitude and orbit numerical
simulation results show that the relative position and
attitude drifts are smaller than the requirement in each 10
msec. We can choose 10 msec for the one-shot exposure
time, and we select the targets as brighter stars and
celestial bodies in the solar system to obtain enough
power for one-shot observation.

Direct control of optical system with image feedback
Although the DPSI relaxes the control accuracy
requirement, it is still hard to satisfy the requirement with
current formation flying technologies. In particular, it is
difficult to control the satellite itself with an accuracy of
less than several mm. Therefore, we consider using a fine
motion stage to control the optical system mounted on
the satellites for more precise control. Furthermore, we
use not only the relative navigation sensors onboard the
satellites but also the stellar image information observed
by DPSI as the observation information for the precise
control because the information from the DPSI doesn't
have misalignment and more accurate. To obtain the
relative position and attitude information of the mirrors
on the CubeSats, the DPSI payload has an attitude
camera and a position camera. The images taken by the
cameras are processed to extract the feature value for the
precise control.
PRELIMINARY DESIGN RESULT
Design Concept to Realize with Miniaturized Satellites
Miniaturized satellites are helpful for pathfinder
missions before large-scale space missions because their
development cost is smaller than conventional satellites.
However, there are several capability constraints coming
from their size limitation. We have to select
demonstration items effectively. In the SEIRIOS project,
we mainly focus on detecting an interferometric fringe
with formation flying DPSI. We try to reconstruct
spatially resolved images of celestial objects as the extrasuccess. We decided following strategies:

Limitation of DSPI
The DSPI relaxes the construction condition of the
interferometric fringes, but the detection condition is
different. To detect the fringe, we have to observe it
using a detector like CCD or CMOS with a particular
exposure time. If the difference of optical path length is
varied, the fringe gap is also varied, and the difference
gap fringes are integrated during the exposure time. This
integration decreases the interferometric visibility of the
fringe. Therefore, the control accuracy requirement of
Δ𝑦 and Δ𝑧 in the exposure time is 1 µm similar to
standard interferometers.

l

Target bright celestial bodies to shorten the
exposure time as several milli-second.

l

Select near-infrared wavelength shorter than 1.7
um to avoid cooling the optical systems.

l

Allow short lifetime as a year because it is a
technology demonstration.

Of course, the DPSI has several limitations as follows:
l DPSI requires an additional sub-system, which is
called “pupil densification part.” The optical system
is more complicated and larger than those of
conventional interferometers.

As mentioned above, the control requirement of Δ𝑦 and
Δ𝑧 in the exposure time is still too accurate. The first
strategy can relax the control accuracy requirement in the
frequency domain. The second and third strategies are
coming from the size limitation of the miniaturized
satellites. There is not enough space for a cooling system
and a lot of fuel in miniaturized satellites. Future large
missions will execute the cooling system and longtime
observation.

l Since the densified pupil spectrograph spreads the
light over the entire detector plane (i.e., the spectrum
is more affected by the detector noise), the signal-tonoise ratio of the spectrum becomes worse than the
conventional interferometers.
The relaxation of control accuracy requirement is more
important than these weak points to realize formation
flying infrared interferometer. Therefore, we propose to
apply the DPSI to formation flying infrared
interferometer.
Ikari

Both a target celestial body and a reference star (i.e., a
point source) are observed at the same time; the optical
path difference is calibrated using the point source. Note
that the point source should be brighter than 5
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magnitudes in R band such that total signal-to-noise ratio
is acquired in each exposure time. We achieve long
exposure observations through co-adding each calibrated
frame. Our main targets are small celestial objects in the
solar system, which cannot be spatially resolved with
10m-class ground-based telescopes.

detail of the formation orbit design is described in the
following paper by the SEIRIOS team.
The design of the base bus system of these satellites is
referred to our laboratory’s previous miniaturized
satellites. We used the base bus of Hodoyoshi-3 and -429
and PROCYON19, 21 for the micro-satellite and
EQUULEUS22, 30 for the CubeSats. Their heritages of
structure and thermal design, power control system,
communication system, data handling system, and threeaxis attitude control system are integrated. The bus
system described in Table 2 was designed. The total
mass of docking form is 64-kg. The details of the
mission-specific parts, like the optical system and the
formation flying system are explained in next sessions.

We also defined the following success criteria of
SEIRIOS considering the limitation of miniaturized
satellites:
l

Minimum: Detect an interference fringe of a star
using the infrared interferometer with DPSI in the
docking form (Figure 3).

l

Full: Detect an interference fringe of a star using
the infrared interferometer with DPSI in the
several-meter baseline formation (Figure 1).

l

Table 2: Overview of the bus system design
Item

Extra: Detect many interference fringes of a planet
in the solar system in multiple baselines (up to 100m) formation and u-v points and reconstruct an
image.

Structure

Even if the control requirement is relaxed, accurate
formation flying is still difficult for miniaturized
satellites. Therefore, we decided to start from the
docking form, as shown in Figure 3. This form is also a
launching configuration, and SEIRIOS behaves as a
single satellite from the deployment and end of the initial
operation phase. During the initial operation, SEIRIOS
tries to observe the interference fringe of stars and
calibrate sensors mounted on the three satellites. After
finishing the initial operation and the minimum success
is completed, the two CubeSats are separated from the
micro-satellite, and the formation flying operation is
begun. In the formation flying operation, a short baseline
formation is firstly demonstrated for the full success. The
target baseline is several meters, but it will be decided
from a balance of the fuel consumption and the collision
risk. After the full success is completed, we start to extra
operation to change baseline and formation with respect
to the target celestial bodies to fill the u-v plane to
reconstruct an image.

CubeSats

Total mass: 40-kg

Total mass: 12-kg

Suitable with Epsilon rocket launch condition

Thermal

-20degrees cooling for
CCD detector of DSPI

Normal thermal design
for CubeSats

Power

Max generation: 85W
Max consumption: 60W

Max generation: 20W
Max consumption: 15W

Communic
ation

S-band up: 4 kbps
S-band down: 64kbps
X-band down: 10Mbps

S-band up: 4 kbps
S-band down: 64kbps

Attitude
Control

10-arcsec accuracy threeaxis stabilization

10-arcsec
accuracy
three-axis stabilization

DPSI Optical System
DPSI optical system is constructed by two flat reflectors
(𝜙 = 7.2cm) mounted on the CubeSats and the DPSI
main optical system mounted on the micro-satellite as,
shown in Figure 5. The flat reflectors are mounted on the
linear piezo stages to control the optical path length
(delay line controller). In the primary optical system of
the micro-satellite, there are two optical sensors to
measure the relative position between two reflected light
on the focal plane and pupil plane. These sensors are
used to fine-tune the interferometer and calibrate the
external formation flying relative sensors described later.

Bus System

The total mass of the flat reflector and the piezo stage is
estimated as 0.6-kg. The total mass of the primary optical
system is estimated as 7.2-kg including detectors and
their electrical control boards, and its power
consumption is estimated as 8.5-W. Since the
observation wavelength is near infrared, we don’t need
to cool down the whole optical system, but to improve
the dark current property, the temperature of the main
detector of DSPI should be smaller than -20 degrees.
This thermal requirement is satisfied by the passive
thermal control with large radiation surface.

We designed the chief micro-satellite and the two deputy
CubeSats according to the strategies and the success
criteria. Firstly, we chose low earth orbit (LEO) for the
SEIRIOS mission to increase share ride opportunities
and decrease launch cost. In particular, the dawn/dusk
orbit is the best for SEIRIOS since the orbit doesn’t have
the earth eclipse. A demerit of LEO is its large
disturbance environment. To decrease the air drag
disturbance, we designed the area-mass ratios of the
chief satellite, and the deputy satellites are equal. The
Ikari

Micro-satellite
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derived by using numerical formation flying simulator28
and summarized in Table 3.
The details of the formation flying control algorithm by
using these formations flying navigation and control
systems are discussed in Ref. 28. The specifications of
all selected components described in this section are
referred with existing COTS components. Although we
have to test their performance and space environment
tolerance.
Table 3: Target specifications of the thrusters

Figure 5: Block diagram of DPSI optical system on
SEIRIOS

Item

Formation Flying System
Demonstration of accurate formation flying is one of the
main objectives of SEIRIOS. The formation flying
control system and the optical control system are
designed to satisfy the control accuracy requirements
described in Table 1. The requirements for satellites
relative position are relaxed because the CubeSats has
the delay line controller. The working range of the piezo
stage is 1-cm, and the requirements of Δ𝑦 and Δ𝑧 of
satellites are relaxed to 1-cm. Therefore, the accurate
formation flying system of SEIRIOS should satisfy 1mm relative position control and 1 × 10!# rad =
20 arcsec relative attitude control.

CubeSats

GN2

R-236fa

Max thrust

4.4mN

1.0mN

Minimum Impulse Bit

22uNs

10uNs

Specific Impulse
Total Impulse

65s

40s

1750 Ns

650 Ns

DEVELOPMENT PLAN
In 2019, we finished the conceptual design of the
SEIRIOS and numerical simulation of the formation
flying control. We start the on-ground experiment of
DPSI and accurate control of the optical system with
delay line controller and tip-tilt mirrors, which emulates
spacecraft attitude behavior. The experiment result will
be integrated with the formation flying numerical
simulator to simulate the feature of DPSI. We have also
started studying image construction to observe a planet
in the solar system as an extra success.

In order to realize such accurate formation flying with
miniaturized satellites, we designed the inter-satellite
communication system, relative navigation system, and
position control system. For
the
inter-satellite
communication system, UWB (Ultra-Wide Band)
device31 is selected. It can measure the distance between
satellites and is also used for rough navigation. The
relative navigation system is divided into the rough and
precise system. The CDGPS navigation between the
micro-satellite and each CubeSat is used for rough
relative navigation. The target accuracy of the rough
relative navigation system is several cm. For the accurate
relative navigation system, optical cameras and laser
distance meter are used. Tow optical cameras are
mounted on the micro-satellite and they observe the LED
laser lights mounted on the CubeSats to measure the
lateral position of the CubeSats. The target accuracy of
the optical navigation sensor is 3σ = 1 mm . Each
CubeSat has a laser distance meter to measure the
relative distance between the optical systems on the
micro-satellite and the CubeSats. The target accuracy of
the laser distance meter is 3σ = 1 mm . The laser
distance meter is mounted on the linear piezo stage to
detect the controlled value of the piezo stage. To control
the relative position, each satellite has its own cold gas
jet thrusters. The target specification of the thrusters is

Ikari

Micro-satellite

Propellant

A more detailed design is also required. In particular,
thermal analysis to consider the thermal deformation,
micro-vibration caused by reaction wheels, optimal
control law to decrease fuel consumption, construction
of collision avoidance algorithm in the anomaly case,
and raising funds for development are the following
consideration topics. We aim to launch the SEIRIOS
satellites in orbit in five years.
CONCLUSION
We proposed a novel formation flying infrared
interferometer by applying the densified pupil
spectroscopy. The spectroscopy can extend the
coherence length and relax control requirements of the
baseline distance from micro-meter order to millimeter
order. In addition, pupil imaging also can relax attitude
control requirements from milli-arc-second to arcsecond. To demonstrate the formation flying
interferometer with densified pupil spectroscopy, we
also proposed a pathfinder spacecraft project named
SEIRIOS: Space Experiment of IR Interferometric
Observation Satellites. We carried out the conceptual
design and revealed that SEIRIOS could be realized by
7
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one 40-kg micro-satellite and two 10-kg CubeSats. The
detail of the conceptual design and feasibility of the
mission is described in this paper. We will continue this
research and development activities to realize the
SEIRIOS project and future large space infrared
interferometers.
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